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The Standard Model Effective Field Theory

Powerful tool for capturing deviations from the SM and
performing indirect searches for new physics.

Model independent: assume the BSM physics is heavy

E << A

C;
LsvErT = Lsm + Z FOi + ...

We restrict to dimension-6 operators.
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The Standard Model Effective Field Theory
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A global fit to the SMEFT

Each operator contributes to multiple datasets
» expect an interplay between sectors
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A global fit to the SMEFT

This highlights the need for a global fit to understand and parameterise the
deviations and correlations between operators and sectors.

We include data from top, diboson, Higgs and EWPO in a fit to 34 dim-6 operators.
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SMEFT conventions

* Neglect CP-violating operators
« Two flavour scenarios:

o I C’L
Warsaw basis LonierT = Lan + Z FOZ.

- Flavour universal SU(3)?
- Top-specific flavour scenario singles out top couplings [1802.07237]

SU(3)° — SU(2), x SU(2), x SU(3)q x SU(3); x SU(3).

In both flavour scenarios we also include 4 Yukawa operators which
explicitly break these flavour symmetries:

OTH? O,LLH? ObHa OtH
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Measurements

» 341 statistically independent measurements
* Correlation information included from published covariance matrices

Higgs: 72

« Signal strength combinations
(LHC Run 1 and Run 2)
« STXS combination (LHC Run 2)

« Measurements of

................................................................................................................................................................................................
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Higgs STXS data from LHC Run 2 ATLAS

ATLAS Run 2 STXS combination [HIGG-2018-57, Phys. Rev. D 101 (2020) 012002]
A total of 21 STXS bins with published correlation matrix
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Measurements

» 341 statistically independent measurements

» Correlation information included from published covariance matrices

Higgs: 72

« Signal strength combinations
(LHC Run 1 and Run 2)
« STXS combination (LHC Run 2)

« Measurements of

.................................................................................................

Diboson: 118

« LHC and LEP measurements of

WW.WZ, 774

Maeve Madigan, HEFT 14/04/21

EWPO: 14

LEP, Tevatron, LHC measurements
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tt, tt+V, single top
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Fitting methodology

X3 (Cs) = (7 — f(Cy) V= Hy — J(Cy))
?j: vector of observables with covariance matrix V'

Predictions: ,ua(C’q;) — ,ugM + H,,;C;
i.e. restricting to (’)(A_2) in the EFT expansion

Best-fit WC: C:” — (HTV_lH)_lHTV_l(Zj— ,lZSM)
U

Covariance:

(Fisher information)
Maeve Madigan, HEFT 14/04/21
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Fit to Higgs, diboson, electroweak data in the flavour universal scenario:
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STXS measurements for ggF

STXS measurements of gluon gluon fusion improve sensitivity and

break degeneracy between SMEFT operators:
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Top-Higgs interplay

Studying the interplay of Higgs and top data
in constraining the operators O, O, O, Oga

while marginalising over
OHD) OHWa OHB7 ObH7 OTH) O,uH (_|_4F operators)

—0.04 —0.02 0.00 0.02 0.04

Marginalised 95% C. L.

Higgs data (no ttH)

Higgs data

Higgs & Top data

Higgs & Top data (+4F)
+ SM
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CHG C tH CtG
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Eigenvectors
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UV models

We analyse our fit in terms of a set of BSM benchmark models
from 2009.01249 Marzocca et. al, 1711.10391 de Blas et. al

Name | Spin | SU(3) | SU(2) | U(1) || Name | Spin | SU(3) | SU(2) | U(1)
S 0 1 1 0 Ay 2 1 2 —3
Si 0 1 1 1 As 1 1 2 —3
© 0 1 2 2 ) 2 1 3 0
= 0 1 3 0 > 1 1 3 -1
= 0 1 3 1 U 2 3 1 2
B 1 1 1 0 D 5 3 1 —3
By 1 1 1 1 o 5 3 2 :
W 1 1 3 0 Qs 2 3 2 —2
W 1 1 3 1 Q- 1 3 2 I
N : 1 1 0 Ty 5 3 3 —3
E : 1 1 -1 Ty 5 3 3 g
T 5 3 1 : TB | 3 3 2 :

Maeve Madigan, HEFT 14/04/21
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UV models: patterns

We analyse our fit in terms of a set of BSM benchmark models
from 2009.01249 Marzocca et. al, 1711.10391 de Blas et. al

Some models exhibit similar patterns among operators

- Consider models with couplings to leptons: N, E', A1, Az, X2, 34
+ These will generate

0 0% Oy, Oy

with patterns such as ng X CSZ) and Cj; «< Cge

Maeve Madigan, HEFT 14/04/21
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UV models: patterns

Lepton-specific

0.010
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w 0.005
000 y = o oo —— : ——
T
é)-o_m () -0.005
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-0.02
-0.015
0.03 -0.005 0.000 0.005 0.010 0.015
o (1)
CHI
-0.02 0.00 0.02 0.04 0.06
(1)
Chi
Ci, C,(L,‘?;) marginalised A1, As: Cﬁ,l,) = Cﬁf;) =Cy=0
Cy =0, C5) marginalised — N:C3'=-C}}; Cy=Che=0
. ~(3) 1), . ~(3 1),
— = Y =1icl) Ci=Chue=0 — EC3=Cl);Ci=Che=0

— Gy = —3C); Ci=Cre =0

See 2012.02779 for quark-specific, top-specific and boson-specific cases

Maeve Madigan, HEFT 14/04/21
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Conclusions

» Global fit produced using Fitmaker:

a publicly available python code

https.//gitlab.com/kenmimasu/fitrepo
(Version for public use still to come!)

» an adaptable, flexible and extensible framework
for performing global SMEFT fits.

Thank you for listening!

Maeve Madigan, HEFT 14/04/21

20


https://gitlab.com/kenmimasu/fitrepo

Backup

Maeve Madigan, HEFT 14/04/21



Datasets: Higgs

LHC Run 1 Higgs Nobs Ref.

ATLAS and CMS LHC Run 1 combination of Higgs signal strengths. 21 18]
Production: ggF, VBF, ZH, WH & ttH
Decay: vy, ZZ, WYW =, 7t7= & bb

ATLAS inclusive Z~ signal strength measurement 1 9]
LHC Run 2 Higgs (new) Nobs Ref.
ATLAS combination of signal strengths and stage 1.0 STXS in H — 4/ 16]19|25 |10]

including ratios of branching fractions to vy, WW*, 77~ & bb
Signal strengths|coarse STXS bins| fine STXS bins

CMS LHC combination of Higgs signal strengths. 23 |11]
Production: ggF, VBF, ZH, WH & ttH
Decay: vy, ZZ, WYW =, 7777, bb & ptpu~

CMS stage 1.0 STXS measurements for H — 7. 13|7 [12]
13 parameter fit | 7 parameter fit

CMS stage 1.0 STXS measurements for H — 777~ 9 13
CMS stage 1.1 STXS measurements for H — 44 19 14]
CMS differential cross section measurements of inclusive Higgs produc- 5|6 15
tion in the WW™* — fvfv final state.

d:’lbiet ’ %

ATLAS H — Z~ signal strength. 1 |16]
ATLAS H — p*u~ signal strength. 1 [17]
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EW precision observables Nobs Ref.
Precision electroweak measurements on the Z resonance. 12 1]
Tz, 00,4, RY, A%p, Ag(SLD), Ay(Pt), RY, RO Ab .. A%, Ay & A
Combination of CDF and DO W-Boson Mass Measurements 1 6]
LHC run 1 W boson mass measurement by ATLAS 1 157
Diboson LEP & LHC Nobs Ref.
W+ W~ angular distribution measurements at LEP II. 8 5]
W W~ total cross section measurements at L3 in the fvfv, fvqq & qqqq 24 3]
final states for 8 energies
W W~ total cross section measurements at OPAL in the fvlv, lvqq & 21 4]
qqqq final states for 7 energies
W+ W~ total cross section measurements at ALEPH in the fvlv, fvqq 21 12]
& qqqq final states for 8 energies
ATLAS W+ W~ differential cross section in the evur channel, d%p, 1 166
pr > 120 GeV overflow bin 1
ATLAS W+ W~ fiducial differential cross section in the evur channel, 14 70]
d;i?—jTl
ATLAS W#* Z fiducial differential cross section in the ¢t¢~¢*v channel, 7 169
dc]%
CMS W+ Z normalised fiducial differential cross section in the ¢T¢~¢*v 11 67|
channel, + dd#‘T

o dp?
ATLAS Zjj fiducial differential cross section in the £*¢~ channel, - Adf;jj 12 |71]
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Datasets: top

Maeve Madigan, HEFT 14/04/21

Tevatron & Run 1 top Nobs Ref.
Tevatron combination of differential tt forward-backward asymmetry, 4 [7]
Arp(myg)-

ATLAS ¢t differential distributions in the dilepton channel. 6 [18]
d;lf?tt‘ _

ATLAS tt differential distributions in the ¢+jets channel. 715|8|5 [19]
ang | aea | gy | i

CMS tt differential distributions in the ¢-jets channel. 7/10(8 |10 20,
dgftf ’ dC:fZ{ ’ dcllDiT ’ C(lj_;t' 215]
CMS measurement of differential tt charge asymmetry, Ac(my;) in the 3

dilepton channel. [216]
ATLAS inclusive measurement tt charge asymmetry, Ac(my;) in the 1

dilepton channel. [217]
ATLAS & CMS combination of differential tt charge asymmetry, 6 [21]
Ac(myg), in the ¢+jets channel.

CMS tt double differential distributions in the dilepton channel. 16]16 [22,
dmcfgdyt | dmi;lytg | dmf;lpg | dyfgp;f ' [16]16 218]
ATLAS & CMS Run 1 combination of W-boson helicity fractions in top 3 [23]
decay. fo, fL & fr

ATLAS measurement of W-boson helicity fractions in top decay. 3 [24]
Jo, fL& fr

CMS measurement of W-boson helicity fractions in top decay. 3 [25]
Jo, [t & fr

ATLAS ttW & ttZ cross section measurements. o5y |07 2 [26]
CMS ttW & ttZ cross section measurements. oy |07 2 [27]
ATLAS t-channel single-top differential distributions. 414]4|5 [28]
o g

CMS s-channel single-top cross section measurement. 1 [29]
CMS t-channel single-top differential distributions. 6 |6 [30]
a; |

CMS measurement of the t-channel single-top and anti-top cross sections. 11]1]1 [31]
oy |og|owiz| Ry

ATLAS s-channel single-top cross section measurement. 1 [32]
CMS tW cross section measurement. 1 [33]
ATLAS tW cross section measurement in the single lepton channel. 1 [34]
ATLAS tW cross section measurement in the dilepton channel. 1 [35]




